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INTRODUCTION 


'T'Knc  r  0.' U'l-^as 

Under  the  sponsorship  of  the  U.S.  Air  Force  School  of  Aerospace'  Medicine 
(USAFSAM),  Brooks  Air  Force  Base,  Texas,  SRI  International  is  analyzing-^se- 
lected  articles  on  the  biological  effects  of  electromagnetic  radiation.  To 
date,  four  reports  embodying  detailed  critical  reviews  of  160  published  papers 
have  been  issuedt^  USAFSAM-TR-81-24  (November  1981),  USAFSAM-TR-82-16  (May 
1982),  USAFSAM-TR-jB4-6  (March  1984),  and  USAFSAM-TR-84-17  (May  1984).  The 
first  two  reports  kre  available  from  the  National  Technical  Information  Serv¬ 
ice  (NTIS),  and  the  later  two  from  NTIS  or  USAFSAM. 

For  convenience7*RFR  is  used  as  a  generic  term  to  include  all  other  des¬ 
ignations  in  the  literature  for  electromagnetic  fields  at  frequencies  up  to 
300  GHz.  However,  analysis  of  papers  on  the  effects  associated  with  the  high 
electric  and  magnetic  fields  produced  by  high-voltage  power- transmission  lines 
is  outside  the  scope  of  this  paper.  *T 

Some  of  the  analyses  in  those  reports  served /as  the  basis  for  a  general 
review  of  RFR  bioeffects,  USAFSAM-TR-83-I  (Marchyl^983) ,  which  is  now  undergo¬ 
ing  updating;  and  some  of  the  Information  presatfted  in  this  paper  was  derived 
therefrom.  In  the  time  allotted,  however,  we^ill)  be  able  to^^'^scuss  only  a 
few  major  topics,  which  were  selected  as  being  of  most  significance  with  re¬ 
gard  to  possible  hazards  of  RFR  to  the  public  at  large. ^  The  papers  under  each 
topic  are  discussed  in  rough  chronological  order'^'~T’  k  ^  l  . 

'  V  c  M  .  1  , 

SELECTED  RFR-BIOEFFECTS  TOPICS 

_  _ 

EPIDEMIOLOGY*  _ 

Epidemiology  as  used  here  refers  to  studies  of  whether  one  or  more' 
health-related  conditions  can  be  associated  statistically  with  purported  or 
actual  exposure  of  humans  to  RFR  (in  contrast  with  assessments  based  on  ex¬ 
trapolation  from  data  on  animals  to  humans).  Epidemiologic  results  tend  to  be 
based  on  Imprecise  estimates  of  exposure  characteristics  (frequency,  power 
density,  and  duration).  The  extent  to  which  the  control  group  matches  the 
exposed  group  is  sometimes  open  to  question.  Because  matching  of  all  relevant 
factors  except  exposure  is  the  basis  for  concluding  that  any  observed  differ¬ 
ences  between  groups  are  related  to  the  RFR  exposure,  selection  of  an  appro¬ 
priate  control  group  is  critical.  Despite  these  limitations,  such  studies  do 
provide  almost  the  only  information  available  on  possible  effects  of  actual 
RFR  exposure  in  humans. 


One  of  the  early  concerns  was  ocular  damage  from  RFR  exposure.  Various 
cases  of  individuals  with  cataracts  ascribed  to  RFR  exposure  have  been  re¬ 
ported  from  time  to  time.  Indeed,  it  is  likely  that  in  some  of  these  cases, 
occupational  exposure  to  high  levels  of  RFR  had  resulted  in  frank  thermal 
damage  to  the  eye.  Not  clear,  however,  was  whether  chronic  exposures  to  low 
levels  of  RFR  could  be  cataractogenic.  The  following  epidemiologic  studies  of 
this  question  are  representative. 

Zaret  et  al.  (1961)  looked  for  eye  defects  in  a  group  of  475  persons  who 
were  believed  to  have  been  exposed  to  RFR  at  11  military  and  nonmilitary  es¬ 
tablishments;  a  group  of  359  persons  served  as  controls.  The  investigators 


found  a  slight  but  statistically  significant  difference  in  defect  scores  be¬ 
tween  the  two  groups,  but  they  expressed  some  doubt  regarding  the  full  valid¬ 
ity  of  the  scoring  method  used. 

Cleary  et  al.  (1965)  examined  Veterans  Administration  Hospital  records  of 
2,946  Army  and  Air  Force  veterans  of  World  War  II  and  the  Korean  War  who  had 
been  treated  for  cataracts.  They  selected  a  control  sample  of  2,164  veterans 
and,  on  the  basis  of  military  occupational  specialties,  classified  each  indi¬ 
vidual  as  a  radar  worker,  a  nonradar  worker,  or  one  whose  specialty  could  not 
be  discerned.  In  the  radar  group,  they  found  19  individuals  with  cataracts 
and  2,625  individuals  without;  in  the  nonradar  group,  21  individuals  with 
cataracts  and  1,935  without.  (The  remaining  510  subjects  were  in  the  unspeci¬ 
fied  occupational  category.)  These  differences  between  the  radar  and  nonradar 
groups  were  not  statistically  significant. 

Cleary  and  Pasternak  (1966)  reported  on  statistical  analysis  of  the  re¬ 
cords  of  736  microwave  workers  and  559  controls  for  minor  lens  changes,  using 
a  scoring  range  from  0  to  3.  They  reported  that  the  defect  scores  increased 
with  age  for  persons  in  both  groups,  but  that  the  average  score  for  the  micro- 
wave  group  was  significantly  higher  than  for  the  control  group.  They  sug¬ 
gested  that  this  finding  la  an  indication  that  exposure  to  RFR  may  have  an 
aging  effect  on  the  lens;  however,  no  cataracts  or  decreases  in  visual  acuity 
were  found. 

Appleton  (1973)  reported  on  a  study  that  covered  5  years.  Military  per¬ 
sonnel  identified  as  having  been  occupationally  exposed  to  RFR  from  radar  and 
communications  systems  were  matched  as  closely  as  possible  in  age  and  sex  with 
other  military  personnel  on  the  same  bases  who  had  not  been  occupationally 
exposed.  Several  ophthalmologists  independently  examined  exposed  and  control 
personnel  (without  knowing  to  which  group  each  individual  belonged)  for 
opacities,  vacuoles,  and  posterior  subcapsular  iridescence,  taken  as  diagnos¬ 
tic  precursors  of  cataracts.  Each  precursor  was  scored  as  either  present  or 
absent  in  each  individual,  and  the  binary  data  were  used  for  statistical 
analyses  by  age  group  and  number  of  persons  per  age  group.  The  results  indi¬ 
cated  that  more  people  in  older  age  groups  exhibited  these  precursors,  but  the 
pooled  data  from  several  installations  showed  no  statistically  significant 
differences  between  exposed  and  control  groups. 

As  in  other  epidemiologic  studies,  detailed  exposure  histories  (e.g., 
frequencies,  intensities,  durations)  could  not  be  determined  with  accuracy,  if 
at  all,  for  either  the  exposed  or  the  control  groups  in  these  ocular  s^dies. 
The  exposed  groups,  however,  likely  did  receive  more  RFR  exposure.  The  rela¬ 
tively  small  research  effort  devoted  to  RFR  ocular  effects  indicates  that 
interest  has  waned  in  recent  years. 

Sigler  et  al.  (1965)  studied  the  occurrence  of  Down's  syndrome 
(mongolism)  in  U.S.  children  and  found  an  apparent  correlation  between  this 
inherited  condition  and  RFR  exposure  of  the  fathers  of  affected  children  be¬ 
fore  their  conception.  However,  in  a  later  study  by  Cohen  et  al.  (1977)  in 
which  the  original  study  of  216  children  was  expanded  to  344  children  with 
mongolism,  each  matched  with  a  normal  child  of  the  same  sex  born  at  about  the 
same  time  and  whose  mother  was  about  the  same  age,  no  such  correlation  was 
found.  Thus  the  earlier  conclusion,  based  on  a  smaller  sample,  that  exposure 
to  RFR  contributed  to  mongolism  in  offspring  was  not  confirmed.  No  quantita¬ 
tive  assessment  of  the  extent  of  the  fathers'  exposures  was  possible. 


The  incidences  of  fetal  anomalies  euid  death  rates  reported  in  birth  re¬ 
cords  for  white  children  born  in  the  vicinity  of  the  Army  Aviation  Center  at 
Fort  Rucker,  Alabama,  between  1969  and  1972  were  evaluated  in  a  report  by 
Peacock  et  al.  (1971)  and  later  by  Burdeshaw  and  Schaffer  (1977).  Fort  Rucker 
was  of  interest  because  of  the  concentration  of  radar  units  on  or  near  the 
base.  Taken  together,  these  reports  identified  unusually  high  Incidences  of 
certain  fetal  anomalies  and  high  fetal  death  rates  in  the  two  counties  adja¬ 
cent  to  Fort  Rucker  as  compared  with  the  corresponding  statewide  Alabama  sta¬ 
tistics,  and  at  the  Lyster  General  Hospital  (Fort  Rucker)  as  compared  with 
other  military  and  civilian  hospitals.  (A  high  Incidence  of  fetal  death  at 
the  Eglin  AFB  Hospital  was  also  reported,  but  no  further  mention  was  made  of 
the  Eglin  data  in  the  remainder  of  the  report.)  There  was  also  evidence, 
however,  that  the  high  rates  for  Fort  Rucker  could  not  be  attributed  specific¬ 
ally  to  the  unquantified  radar  exposures  at  or  near  Fort  Rucker  on  the  basis 
of  the  birth  record  data:  Coffee  and  Dale  counties  ranked  only  sixth  and 
eighth  for  anomaly  incidence  among  the  67  Alabama  counties:  Lyster  Hospital's 
anomaly  and  fetal  death  rates  were  not  significantly  higher  than  several  other 
comparable  "nonradar"  hospitals  in  Alabama  and  were  in  the  range  of  values 
predicted  from  carefully  controlled  studies  done  in  other  states.  The  resi¬ 
dences  of  mothers  bearing  anomalous  Infants  were  not  clustered  near  radar 
sites,  but  many  of  the  anomalies  reported  at  Lyster  occurred  over  a  small  time 
period,  indicating  a  high  anomaly-reporting  rate  for  one  or  two  physicians  on 
the  Lyster  staff. 

Pazderova  (1971)  published  a  report  on  the  results  of  a  battery  of  medi¬ 
cal  evaluations  on  58  employees  of  Czechoslovakian  television-transmitter 
stations.  Exposure  frequencies  were  estimated  to  range  from  US. 5  to  230  MHz  at 
field  intensities  equivalent  to  0-0.022  mW/cm^,  with  a  mean  exposure  duration 
of  7.2  years  (10.6  h/workday).  EKGs,  heart  and  lung  X-rays,  standard  blood 
tests,  urinalyses,  and  liver-function  tests  were  made,  as  well  as 
ophthalmologic,  neurologic,  gynecologic,  psychiatric,  and  psychological  exami¬ 
nations.  The  only  statistically  significant  finding  was  that  the  mean  plasma 
protein  levels  were  higher  than  "normal"  values  taken  from  the  literature,  a 
finding  that  the  author  described  as  unexplainable.  The  appropriateness  of 
using  literature  control  values  Is  highly  questionable. 

In  a  later  study,  Pazderova  et  al.  (197^)  reexamined  the  effects  of  RFR 
on  blood  protein  levels.  The  authors  Indicated  that  the  only  difference  be¬ 
tween  exposed  and  control  groups  was  that  the  members  of  the  exposed  groups 
had  worked  Irregular  shifts,  whereas  more  than  half  of  the  control  group  had 
worked  only  morning  shifts.  The  results  for  both  groups  showed  that  the  Indi¬ 
vidual  levels  of  blood  proteins  and  their  fractions  were  within  normal 
physiologic  limits,  but  statistically  significant  differences  were  found  be¬ 
tween  mean  values  for  the  exposed  and  control  groups. 

In  our  opinion,  the  absences  in  either  study  of  a  control  group  that  had 
received  virtually  no  RFR  exposure  renders  questionable  an  Interpretation  that 
any  differences  found  were  due  to  RFR  exposure.  The  altered  values  of  blood 
proteins  (which  were  within  normal  limits)  were  likely  caused  by  other  fac¬ 
tors. 


Kllmkova-Deutschova  (197^)  surveyed  various  industrial  worker  populations 
In  Czechoslovakia  and  assessed  the  health  of  workers  exposed  to  RFR  at  1-150 
MHz,  300-800  MHz,  or  3-30  GHz,  with  power  densities,  where  specified,  of  0.2 


to  3  3  mW/cm2,  depending  on  their  particular  occupations.  Changes  w®’’® 

Dorted  m  brain-wave  patterns  and  in  blood  sugar,  proteins,  and  cholesterol 
levels  as  compared  with  those  in  administrative  (nonexposed)  personnel. 
Numerical  results,  however,  were  not  reported  and  statistical  methods  were  not 

described. 

Sleklerzvnskl  (197*1)  compared  the  health  status  and  fitness  for  “o*')' 

507  persons Tn  PclanJ  occupationally  exposed  Xd”)  wltS' 

mW/cm2  average  power  density  (other  RFR  oharacterlstlos  not  "“P  \ 

nroSb  of  334  workers  at  the  same  Installations  exposed  to  less  than  0  2 
L/oSs.  Clinical  tests  Included  ophthalmoscopic  and 

supplemented  by  psychological  tests  and  EEGs.  ..g®  ifok  of 

differences  between  the  two  groups  were  found.  thp  neca- 

more  definite  RFR  exposure  data  vitiates,  but  does  not 

Uve  findings  of  this  study;  i.e.,  the  results  provide  no  evidence  for 
RFR-induced  effects  on  the  health  status  of  either  group. 

Kalyada  et  al.  (1974)  reported  that  their  clinical  examinations  in  the 
USSR  of  a  group  of  specialists  working  with  RFR  generators  in  the  40  to 
200-MHz  range  for  1  to  9  years  showed  occurrences  of  functional  changes  in  t 
cfntral  nervous  system;  described  as  vegetative  dysfunction  accompanied  by 
neurasthenic  symptoms.  No  organic  lesions  were  found,  »>ut  among  the  m^Y 
specific  changers  ^reported  were  deviations  in  the  physiochemical  and  functional 
properties  of  erythrocytes  and  leukocytes.  The  authors  also  conducted  ®*P® 
Scn?r  with  hlan  vLuntears  and  reported  functional  changea  In  the 
thermoregulatory  and  hemodynamic  systems  and  in  the 
auditory  "analysers."  No  RFR  intensity  values  were  given,  however, 
JSrspeciaTists  or  the  volunteers;  most  of  the  findings  were 
^SraUve  fom,  with  no  actual  data,  and  the  nature  of 

led  was  not  described.  Consequently,  this  paper  provides  little  basis  for 
affirming  or  denying  the  occurrence  of  possible  adverse  effects  of  occupa 

tional  exposure  to  RFR. 

Sadchikova  (1974)  presented  clinical 

two  groups  of  USSR  RFR  workers.  The  1,000  workers  in  the  first  sroup  were 
exposed  to  up  to  a  few  mW/cm2,  whereas  the  180  workers  in  the  secojjd  group 
were  exposed  to  values  rarely  exceeding  several  hundredths  of  a 
arunspLified  "microwave"  frequencies.  A  group  of  2°0  f  ®Pl®  ^ 

backgrounds  but  presumably  not  exposed  to  RFR  served  f® 

kinds  of  svmotoms  were  reported,  including  fatigue,  irritability,  sleepiness, 
^an!a?  10^3  ^  merory  lower  heart-beat  rates,  hypertension,  hypotension. 
Lrdiac  pain,  and  systolic  murmur.  In  the  higher  power  density  group,  the 
indices  for  5  of  the  16  symptoms  were  higher  than  those  in  the  P®”®’^ 

densfty  grLp;  they  were  lower  for  9  symptoms  and  about  the  s^e  f®*;  the  r®’ 
maJning  2.  Incidences  in  the  control  group  were  lower  than  those  in  either 

exposed  group  for  15  of  the  16  symptoms. 

Robinette  and  Silverman  (1977)  and  Silverman  (1979),  in  an  attempt  to 

establish  whether  exposure  to  RFR  was  associated  with  ®®''®®®  ^®^‘'  L?ted 

life  expectancies,  compiled  the  mortality  records  of  personnel  “ho  Ud  served 
in  the  U  S  Navy  during  the  Korean  War.  By  1977  the  records  of  about  20.000 
decLsed  veterans  whose  military  occupational  titles  indicated  more  probable 
exposure  to  RFR  had  been  compared  with  the  records  of  an  approximately  equal 


number  of  less-exposed  veterans.  No  quantitative  exposure  data  were  avail¬ 
able.  Although  no  differences  between  groups  emerged  in  overall  mortality 
rates  or  in  the  rates  for  about  20  specific  categories  of  cause  of  death, 
death  rates  differed  significantly  for  two  categories:  rates  from 
arteriosclerotic  heart  disease  were  lower  and  those  from  trauma  were  higher  in 
the  RFR-exposed  group.  The  trauma  category  Included  military  aircraft  acci¬ 
dents;  and  since  a  higher  proportion  of  the  exposed  group  had  become  fliers, 
attributing  the  higher  trauma  death  rate  to  greater  previous  RFR  exposure 
appeared  unreasonable.  Overall  death  rates  for  both  groups  were  lower  than 
for  the  general  U.S.  population  of  the  same  age. 

The  U.S.  Embassy  in  Moscow  was  subjected  to  RFR  exposure  from  1953  until 
February  1977  (Pollack,  1979).  Within  rooms  having  the  highest  RFR  levels 
(those  with  windows  or  doors  in  outside  walls  toward  the  irradiation  sources) 
the  average  power  densities  were  tpioally  about  0.004  mW/cm2  within  60  cm  of 
a  door  or  window  and  0.0025  mW/cm2  elsewhere  in  the  room.  The  highest  power 
density  reported  was  0.024  mW/cm2,  which  occurred  in  one  room  during  a  2-h 
period  of  unusual  signal  strength  on  24  January  1976  (NTIA,  1981).  Lilienfeld 
et  al.  (1978)  compared  the  health  of  U.S.  personnel  assigned  to  the  Moscow 
embassy  from  1953  to  1976  with  the  health  of  those  assigned  to  other  U.S. 
Eastern  European  embassies.  The  investigators  noted  several  limitations  of 
their  study  but  were  able  to  conclude  that  no  differences  were  discerned  be¬ 
tween  the  Moscow  and  control  groups  in  total  mortality  or  mortality  from  spe¬ 
cific  causes,  nor  between  dependent  children  or  adults  of  the  Moscow  and 
control  groups. 


Blelskl  et  al,  (1980)  studied  the  effects  of  chronic  occupational  expo- 
sure  to  RFR  in  Poland.  Two  groups  were  studied:  88  persons  in  the  radio  and 
n  years  to  microwaves  in  the  range  from  3  to  7  GHz  at 
0.01-0.2  mW/cm  for  an  estimated  170  h  per  month,  and  68  persons  in  the  fui'ni- 
ture  industry  exposed  1-16  years  to  HF  RFR  in  the  range  from  7  to  30  MHz  at 
approximately  0.2-10  raW/cm2.  Groups  of  39  and  4l  suitably  chosen  persons  were 
used  as  unexposed  controls  for  the  microwave  and  HF  groups  respectively.  The 
results  showed  that  moat  of  the  people  in  the  exposed  groups  complained  of 
nonspecific  symptoms— headaches,  excessive  irritability,  increased  perspira¬ 
tion,  etc.— collectively  called  "typical  symptoms  of  vegetative  neurosis"  by 

frequency  of  anomalous  EEG  records  and  the  intensity 
of  EEG  changes  were  reported  to  be  markedly  higher  among  the  HF  than  the  mi¬ 
crowave  workers;  however,  no  statistical  tests  on  the  data  were  reported. 

so,  it  is  not  clear  if  the  reported  differences  between  exposed  and  control 
groups  were  RFR  related  or  due  to  other  factors.  For  example,  the  subjects 

Industry  were  involved  with  wood-gluing  equipment  that 
emitted  HF  RtR,  but  the  workers  were  likely  also  exposed  to  fumes  and  vapors 
from  the  solvents  in  the  glues.  ^ 


Lester  and  Moore  (1982a)  claimed  that  U.S.  counties  with  an  Air  Force 
base  (AFB)  Operational  during  1950-1969  showed  statistically  significant 
higher  incidences  of  cancer  mortality  for  that  period  when  compared  with  coun¬ 
ties  without  an  AFB.  We  reviewed  this  study  in  detail  and  found  that  the  data 
base  used  by  Lester  and  Moore  was  Incorrectly  assembled.  When  we  reassembled 
the  data  base  correctly  and  analyzed  it,  we  found  that  Incidences  of  cancer 
mortality  in  counties  with  an  AFB  were  not  significantly  different  from 

incidences  in  population-matched  counties  without  an  AFB,  for  either  males  or 
females. 


Lester  and  Moore  (1982b)  also  reported  that  a  neighborhood  pattern  of 
cancer  incidence  was  found  in  the  city  of  Wichita,  Kansas,  with  the  suggestion 
that  it  was  related  to  chronic  exposure  of  the  general  population  to  microwave 
radiation  from  airport  radar  systems.  In  their  paper  they  ignored  RFR  expo¬ 
sure  from  other  sources  and  used  a  theoretical  model  for  exposure  to  airport 
radars  that  ignored  inverse-square-law  attenuation  with  distance,  shielding 
effects  of  buildings,  etc.  The  positive  correlation  of  cancer  incidence  with 
•’exposure"  is  therefore  likely  to  be  spurious.  Although  the  relationship 
claimed  by  the  authors  between  radar  exposure  and  cancer  incidence  may  exist, 
it  was  not  demonstrated  by  the  data  and  analysis  presented  in  their  paper. 

In  summary,  none  of  these  U.S.,  Polish,  and  Czechoslovakian  epidemiologic 
studies  offers  clear  evidence  of  detrimental  effects  associated  with  exposure 
of  the  general  population  or  of  selected  occupational  groups  to  RFR.  The 
Soviet  findings,  which  are  consistent  with  the  voluminous  early  Soviet  litera¬ 
ture,  suggest  that  occupational  exposure  to  RFR  at  average  power  densities 
less  than  1  mW/cm^  does  result  in  various  symptoms,  particularly  those  associ¬ 
ated  with  disorders  of  the  central  nervous  system  (CNS).  Because  the  USSR 
symptomatology  has  not  been  reported  in  western  studies  and  because  of  the 
marked  differences  between  Soviet  and  Western  publications  in  the  procedures 
used  for  reporting  data,  it  is  difficult  to  accept  the  USSR  epidemiologic 
studies  at  face  value. 

*4.. 

^-=^MUTAGENESIS,  CARCINOGENESIS,  AND  CYTOGENETIC  EFFECT^*  '  f  j  / 

i 

One  frequently  expressed  concern  about  RFR  is  that  it  may  be  mutagenic  or 
cause  cancer.  As  suggested  by  Ames  (1979),  mutagenesis  and  carcinogenesis  are 
believed  to  be  related,  and  indeed  many  chemicals  are  screened  for  potential 
carcinogenicity  with  bacterial  mutation  tests. 

Several  studies  for  mutagenic  effects  of  RFR  at  various  frequencies, 
power  densities,  and  durations  have  been  done  on  bacteria  and  yeasts  by 
Blackman  et  al.  (1976),  Dutta  et  al.  (1979),  and  Dardalhon  et  al.  (1981).  No 
mutagenic  effects  attributable  to  RFR  exposure  were  reported. 

Four  studies  for  mutagenic  effects  of  RFR  in  fruit  flies  also  yielded 
negative  results.  In  the  first  study.  Pay  et  al.  (1972)  exposed  male  flies 
to  2.45-GHz  RFR  at  6,500,  5,900,  and  4,600,  mW/cm^  for  45  min.  The  test  con¬ 
sisted  of  mating  the  exposed  males  to  females  to  determine  RFR  effects  on 
fertility  and  then  remating  the  offspring  to  determine  the  presence  of 
recessive  lethal  mutations.  The  results  were  negative  in  both  cases.  In  the 
second  study,  Mickey  et  al.  (1975)  exposed  flies  to  pulsed  RFR  at  20-35  MHz  at 
an  unstated  power  density  for  4  h.  The  test  consisted  of  observing  for 
nondisjunction  of  X  and  Y  chromosomes  at  mating,  and  the  results  again  were 
negative.  In  the  third  study,  Dardalhon  et  al.  (1977)  exposed  flies  to  17- and 
73-GHz  RFR  at  60  to  100  mW/cm^  for  2  h.  No  mutations  were  found.  Last, 
Hamnerius  et  al.  (1979)  exposed  fly  embryos  to  2.45-GHz  RFR  for  6  h  at  an  SAR 
of  100  W/kg,  corresponding  to  about  200  mW/cm^.  The  test  system  was  designed 
to  measure  the  frequency  of  somatic  mutations  for  eye  pigmentation.  As  a 
positive  control,  flies  were  exposed  to  X-rays,  a  known  mutagenic  agent.  No 
mutations  were  found  in  the  specimens  exposed  to  the  RFR. 
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Several  studies  have  been  conducted  for  possible  cytogenetic  effects  of 
exposure  to  RFR.  Such  studies  usually  involve  two  types  of  observations;  (1) 
abnormalities  in  chromosomes  such  as  fragmentation,  fusion,  and 
interchromosomal  bridges  at  the  metaphase  stage  of  mitosis;  and  (2)  sister 
chromatid  exchanges. 

Chen  et  al.  (1974)  exposed  Chinese  hamster  cells  and  human  amnion  cells 
in  vitro  to  2.45-GHz  RFR  at  power  densities  ranging  from  200  to  500  mW/cm^  for 
durations  ranging  from  1.5  to  20  min.  Various  chromosome  aberrations  were 
observed;  but  the  incidence  of  aberrations  did  not  increase  with  increasing 
power  density  or  exposure  duration,  and  the  incidence  in  exposed  cells  was  not 
significantly  different  from  that  in  control  cells. 

Stodolnik-Baranska  (1974)  exposed  human  lymphocyte  cultures  to  2.95-Qiz 
pulsed  RF  (pulse  characteristics  not  given)  at  20  or  7  mW/cm^  average  power 
density  for  periods  ranging  from  10  min  to  4  h.  Exposure  at  20  mW/cm^  for  10 
min  or  longer  produced  chromosome  aberrations,  but  none  were  reported  for 
exposure  at  7  mW/cm^  for  4  h.  The  author  noted  the  occurrence  of  a  "slight” 
temperature  Increase  in  cultures  exposed  at  20  mW/cm2  but  none  in  cultures 
exposed  at  7  mW/cm^.  The  results  suggest  that  if  RFR  does  cause  an  increase 
in  chrcmosome  abnormalities,  the  effect  may  have  a  power  density  threshold. 

Two  studies  reported  effects  of  RF  on  sister  chromatid  exchange.  In  the 
first  study,  Livingston  et  al.  (1977)  exposed  Chinese  hamster  ovary  cells  in 
vitro  to  2.45-GHz  RFR  at  unstated  power  density  levels  and  durations.  Sister 
chromatid  exchanges  were  observed  in  RFR-exposed  cells;  however,  the  same 
level  of  exchanges  was  produced  in  control  cells  by  heating  them  to  the  same 
temperature  as  that  produced  by  RFR  exposure.  The  authors  concluded  that  the 
production  of  sister  chromatid  exchanges  Is  not  related  to  RFR  exposures  per 
se.  In  the  second  study,  McRee  et  al.  (1981)  exposed  mice  to  2.45-GHz  RFR  at 
20  mW/cra2,  corresponding  to  an  SAR  of  21  W/kg,  8  h  per  day  for  28  days. 
Incidences  of  sister  chromatid  exchange  in  bone  marrow  cells  of  exposed  mice, 
sham-exposed  control  mice,  and  standard  control  mice  were  compared.  No  sta¬ 
tistically  significant  differences  were  detected. 

A  study  by  Prausnltz  and  Susskind  (1962)  implied  an  association  between 
RFR  exposure  and  cancer  incidence.  They  exposed  male  mice  to  pulsed  9.27-GHz 
RFR  at  100  mW/cm2  average  power  density  for  4.5  min  per  day,  5  days  per  week, 
for  59  weeks.  Each  day’s  exposure  was  equal  to  one-half  of  the  acute  LD-50  of 
the  animals.  The  major  results  were  (1)  progressive  testicular  atrophy;  (2) 
death  of  some  mice  during  exposure;  (3)  a  65>  survival  rate  for  the  exposed 
mice  at  the  end  of  the  exposure  series  as  compared  with  only  50K  for  the  con¬ 
trol;  (4)  the  presence  of  liver  abscesses  in  both  groups  at  necropsy;  and  (5) 
leukosis  among  both  groups,  with  a  higher  incidence  for  the  exposed  mice. 
Leukosis  was  described  in  the  paper  as  "cancer  of  the  white  blood  cells." 

The  authors  attributed  deaths  in  both  groups  to  a  pneumonia  Infection 
accidentally  Introduced  into  the  colony  during  the  experiment,  and  suggested 
that  the  higher  survival  rate  of  the  exposed  mice  was  due  to  the  protective 
effect  of  the  "fever"  induced  by  the  daily  exposures.  However,  the  authors 
apparently  confused  leukosis  with  leukemia  or  cancer  of  the  circulatory  sys¬ 
tem.  Leukosis  is  defined  as  an  abnormal  rise  in  the  number  of  circulating 
white  blood  cells,  which  can  arise  from  various  causes,  including  stress, 
endocrine  disturbances,  and  Infection  such  as  that  causing  the  liver  abscesses 
found. 


In  addition,  two  other  factors  must  be  considered.  First,  the  incidence 
of  leukosis  was  greater  in  the  exposed  mice,  but  their  survival  was  also 
greater.  This  would  be  considered  unusual  for  most  forms  of  mouse  leukemia. 
Second,  in  the  exposed  mice  the  incidence  of  leukosis  was  greater  during  but 
not  following  exposure.  This  would  imply  that  spontaneous  remission  of  the 
"cancer"  occurred  after  cessation  of  exposure.  For  true  cancer,  this  would  be 
considered  Improbable.  Overall,  the  data  did  not  provide  any  valid  evidence 
that  chronic  RFR  exposure  Induced  any  form  of  cancer  in  the  exposed  mice. 

In  another  study  Involving  chronic  exposure,  Spalding  et  al.  (1971)  ex¬ 
posed  mice  to  800-MHz  RFR  at  H3  mW/cm^  for  2  h  per  day,  5  days  per  week,  for 
35  weeks.  Some  deaths  occurred  during  exposure  and  were  attributed  to  thermal 
effects  caused  by  faulty  positioning  of  the  animal  holders.  The  mean  life 
span  of  the  remaining  exposed  mice  did  not  differ  significantly  from  that  of 
the  controls,  general  indications  of  health  were  the  same  in  the  two  groups, 
and  the  incidence  of  cancer  was  the  same  in  the  exposed  and  control  mice. 

Baum  et  al.  (1976)  exposed  rats  to  BMP  (electromagnetic  pulses)  at  a  rate 
of  5  per  second  continuously  for  94  weeks.  The  spectrum  of  the  BMP  corre¬ 
sponded  to  an  RFR  center  frequency  of  450  MHz,  and  each  pulse  had  an  Intensity 
of  447  kV/m.  The  exposures  had  no  effect  on  blood  chemistry,  blood  count, 
bone  marrow  cellular Ity,  fertility,  embryo  development,  cytology,  histology, 
or  cancer  incidence. 

In  the  first  of  two  studies,  Varma  and  Traboulay  (1976)  sought  to  induce 
dominant  lethal  mutations  by  exposing  the  testes  of  mice  to  1.7  CHz  at  50 
mW/cm2  for  30  min  or  at  10  mW/cra2  for  80  min.  In  the  second  study,  Varma  et 
al.  (1976)  exposed  the  testes  of  mice  once  to  2.45-GHz  RFR  at  100  mW/cm^  for 
10  min;  3  times  in  1  day  for  10  min  each  at  50  mW/cra2;  or  4  times  in  2  weeks 
for  10  rain  each  time  at  50  mW/cm2.  In  each  study,  the  test  consisted  of 
breeding  the  exposed  males  to  separate  groups  of  unexposed  females  once  each 
week  for  7  to  8  weeks  after  exposure.  Females  were  killed  on  the  12th  day  of 
gestation,  and  the  uteri  were  scored  for  number  of  implants  and  number  of 
resorption  sites.  The  authors  concluded  from  the  first  study  that  1.7-OTz  RFR 
was  mutagenic  under  both  conditions  of  exposure,  and  from  the  second  study 
that  2.45-GHz  RFR  was  mutagenic  for  the  single  10-mln  exposure  at  100  mW/an2 
but  not  for  the  multiple  exposures  over  time  at  50  mW/cra2. 

These  studies  had  a  number  of  flaws.  In  the  first  study,  errors  made  in 
tabulating  the  data  led  to  uncertainty  about  the  reliability  of  the  numbers 
presented.  In  the  second  study,  the  fetal  late-mortality  rates  were  signifi¬ 
cantly  higher  for  the  exposed  mice  than  for  the  controls,  raising  the  question 
of  what  factors  other  than  RFR  might  be  causing  dominant  lethal  effects.  In 
both  studies,  systematic  errors  were  made  in  the  computation  of  the  chi-square 
statistic  used  to  evaluate  the  significance  of  the  supposed  mutagenic  effect. 
If  the  chi-square  is  correctly  computed,  the  first  study  would  show  a  marginal 
but  significant  increase  in  the  number  of  lethal  mutations  for  the  study  as  a 
whole  but  not  for  individual  weeks  of  the  study,  and  the  second  study  would 
show  no  Increase  at  all. 

In  addition,  the  Incidence  of  dominant  lethal  mutations  in  control  ani¬ 
mals  differed  significantly  for  the  two  studies  (1>  in  the  first,  5%  in  the 
second),  leading  to  questions  about  the  quality  of  the  animal  source  and  the 
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reliability  of  the  scoring.  If  the  control  results  from  both  studies  were 
combined,  no  mutagenic  effect  would  be  evident  at  any  frequency,  power  den~ 
sity,  or  duration.  Finally,  the  exposed  mice  were  anesthetized,  a  condition 
under  which  their  thermoregulation  was  impaired,  so  the  temperature  increases 
in  the  testes  may  have  been  much  higher  than  would  be  predicted  from  the  expo~ 
sure  parameters. 

In  another  study  for  dominant  lethal  mutations,  Berman  et  al.  (1980) 
exposed  unanesthetized  rats  to  2.45“GHz  RFR  at  power  densities  ranging  from  5 
to  28  mW/cm2  for  3  h  daily,  5  days  a  week,  for  up  to  3  months.  No  increases 
in  dominant  lethal  mutations  were  evident.  Temporary  sterility,  as  Indexed  by 
fewer  pregnancies,  was  seen  at  28  mW/cm^  but  not  at  lower  power  densities.  At 
28  mW/cm2,  there  were  significant  increases  in  rectal  and  intratesticular 
temperatures. 

Two  studies  searched  for  possible  effects  of  RFR  on  mechanisms  Involved 
in  repair  of  cellular  DNA.  Meltz  and  Walker  (1981)  examined  whether  there 
were  any  alterations  in  DNA  repair  induced  by  350-MHz  or  1.2-GHz  RFR  in  normal 
human  fibroblasts  maintained  in  vitro  after  the  DNA  was  damaged  by  a  selected 
dose  of  ultraviolet  light.  Power  densities  of  1  or  10  mW/cm^  caused  no  per~ 
turbatlon  of  the  DNA  repair  process.  Brown  et  al.  ( 1981),  treated  mice  with 
streptozocin,  a  mutagenic/ carcinogenic  agent  known  to  damage  DNA  in  the  rodent 
liver,  and  exposed  the  mice  to  il00~MHz  RFR  to  determine  if  excision  repair  of 
the  DNA  would  be  inhibited.  They  found  that  power  densities  of  1.6  and  16 
mW/cm2,  corresponding  to  SARs  of  0.29  and  2.9  W/kg,  did  not  alter  the  level  of 
excision  repair. 

In  summary,  there  is  no  evidence  that  exposure  to  RFR  induces  mutations 
in  bacteria,  yeasts,  or  fruit  flies.  The  results  of  two  studies  indicated 
that  RFR  induces  mutations  in  mammals;  critical  review  has  cast  doubt  on  these 
findings.  Other  studies  have  shown  no  mutagenic  effects  of  RFR  on  mananals; 
evidence  for  cytogenetic  effects  is  mixed.  The  lowest  power  density  at  which 
such  effects  were  reported  was  20  mW/cm^,  in  Stodolnik-Baranska  (197i|);  how¬ 
ever,  Chen  et  al.  (197^)  failed  to  find  cytogenetic  effects  at  200-500  mW/cm2. 
Last,  there  is  no  credible  evidence  that  chronic  exposure  to  RFR  Induces  any 
form  of  cancer  in  animals,  even  at  power  densities  as  high  as  100  mW/cm^. 

\ 

^ERATOGENESIS  AND  DEVELOPMENTAL  ABNORMALITIES'  ""of t  , 
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Teratogenesis  in  mammals  is  the  production  of  physical  defects  In 
conceptuses  that  affect  their  In-utero  development.  The  term  "developmental 
abnormalities"  as  used  here  refers  to  processes  affecting  the  development  of 
infanta  after  birth.  Teratogenic  and  developmental  abnormalities  occur  natu¬ 
rally  at  a  low  rate  in  most  animal  species,  and  relatively  little  is  known 
about  their  cause.  In  a  few  cases,  however,  specific  agents  have  been  shown 
to  cause  significant  teratogenic  effects;  hence,  the  possibility  of 
teratogenic  effects  from  RFR  is  an  appropriate  matter  of  public  concern. 

Several  studies  of  RFR  teratogenesis  in  Tenebrio  mol i tor,  the  darkling 
beetle,  notably  those  of  Carpenter  and  Livstone  (1971),  Lindauer  et  al. 
(1974),  Liu  et  al.  (1975),  and  Green  et  al.  (1979),  indicated  that  relatively 
low  levels  of  RFR  would  produce  developmental  abnormalities  in  Tenebrio  pupae. 
In  a  follow-up  study,  however,  Pickard  and  Olsen  (1979)  reported  that  the 
number  of  developmental  anomalies  depend  on  such  factors  as  the  source  of  the 
larvae  and  the  diet  fed  to  them  before  they  entered  the  pupal  stage.  This 
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study  also  reported  that  production  of  developmental  anomalies  under  worst 
conditions  required  exposure  for  2  h  at  a  mean  SAR  of  54  W/kg,  which  Weis 
equivalent  to  about  192  mW/cm^. 

McRee  and  Hamrick  (1977)  exposed  arrays  of  Japanese-quail  eggs  to 
2.45-GHz  CW  RFR  at  5  mW/cm^,  corresponding  to  an  SAR  of  about  4  W/kg,  for  24  h 
per  day  during  the  first  12  days  of  development.  They  found  no  gross  deformi¬ 
ties  in  quail  killed  and  examined  24  to  36  h  after  hatching,  and  no  signifi¬ 
cant  differences  in  total  body  weight  between  RFR-  and  sham-exposed  groups  or 
the  weights  of  the  heart,  liver,  gizzard,  adrenals,  and  pancreas.  Blood  tests 
showed  statistically  significant  higher  hemoglobin  and  lower  monocyte  counts 
In  the  RFR-exposed  birds,  but  no  differences  in  the  other  blood  parameters. 
The  differences  in  mean  temperature  from  egg  to  egg  in  the  RFR-exposed  arrays 
were  as  much  as  0.5®C,  rendering  it  difficult  to  associate  these  positive 
findings  with  RFR  per  se. 

In  another  study,  Hamrick  et  al.  (1977)  reared  the  birds  from  similarly 
exposed  arrays  of  eggs  for  5  weeks  after  hatching.  No  significant  differences 
in  mortality  or  mean  body  weights  at  4  and  5  weeks  were  found  between  RFR-  and 
sham-exposed  groups. 

Teratogenic  effects  of  RFR  have  been  reported  in  several  studies  with 
mice  and  rata.  Rugh  et  al.  (1974,  1975)  exposed  pregnant  mice  on  gestation 
day  8  to  2.45-GHz  RFR  at  123  mW/cm^  for  2  to  5  min,  corresponding  to  doses  in 
the  range  3-8  cal/g.  On  gestation  day  18,  the  litters  were  examined  for 
resorptions  and  for  dead,  stunted,  malformed,  and  apparently  normal  fetuses. 
No  abnormalities  were  reported  at  doses  less  than  3  cal/g,  which  corresponded 
to  about  25%  to  30>  of  the  lethal  dose  for  these  animals.  At  doses  above  3 
cal/g,  some  abnormalities  were  obtained,  notably  exencephaly  or  brain  hernia. 

Berman  et  al.  (1978)  exposed  pregnant  mice  to  2.450-GHz  RFR  for  100  min 
dally  on  gestation  days  1  through  17  at  3.4-14.0  mW/cm^,  or  on  gestation  days 
6  through  15  at  28  mW/cm^.  Control  mice  were  sham  exposed  similarly.  All 
mice  were  euthanized  on  day  18,  and  their  uteri  were  examined  for  the  number  of 
resorbed  and  dead  conceptuses  and  live  fetuses.  The  live  fetuses  were  exam¬ 
ined  for  gross  structural  alterations  and  weighed.  Ten  types  of  anomalies 
were  tabulated  by  the  numbers  of  litters  affected.  Of  318  RFR-exposed  lit¬ 
ters,  irrespective  of  power  density,  27  (8.511)  had  one  or  more  live  abnormal 
fetuses  versus  12  of  336  (3.6K)  of  the  sham-exposed  litters.  For  most  of  the 
specific  anomalies,  the  numbers  of  litters  affected  were  either  too  small  for 
statistical  treatment  or  no  RFR-related  pattern  was  apparent. 

The  mean  live  fetal  weights  of  the  litters  exposed  at  power  densities  of 
14  mW/cm2  or  lower  were  not  significantly  different  from  those  of  the  corre¬ 
sponding  sham-exposed  litters.  By  contrast,  for  mice  exposed  at  28  mW/cm^  and 
permitted  to  come  to  term,  the  mean  weight  of  their  offspring  at  7  days  of  age 
was  about  10$  less  than  that  of  control  mice.  However,  there  were  no  differ¬ 
ences  in  survival  rate  between  RFR-exposed  and  control  offspring. 

In  a  subsequent  investigation,  Berman  et  al.  (1982)  exposed  a  group  of 
pregnant  mice  to  2.45-GHz  RFR  at  28  mW/cm2  for  100  min  daily  on  gestation  days 
6  through  17.  Another  group  was  similarly  sham  exposed.  The  mice  in  half  of 
each  group  were  examined  on  gestation  day  18.  The  incidence  of  pregnancy;  the 
numbers  of  live,  dead,  and  resorbed  fetuses;  and  the  total  number  of  fetuses 
were  similar  for  the  exposed  and  sham-exposed  mice.  However,  the  mean  body 


weight  of  the  live  fetuses  in  the  RFR  group  was  10$  smaller  than  that  of  the 
sham-exposed  group,  a  finding  consonant  with  the  investigation's  previous 
results.  In  addition,  ossification  of  sternal  centers  was  significantly  de¬ 
layed  in  the  RFR  mice. 

The  mice  in  the  other  half  of  each  group  were  permitted  to  come  to  term. 
At  7  days  of  age,  the  mean  body  weight  of  the  suckling  mice  of  the  RFR  group 
also  was  10$  smaller  than  for  the  sham  group.  As  before,  the  survival  rate 
was  not  affected,  but  the  growth  retardation  was  permanent. 

In  the  first  of  two  regimens,  Chernovetz  et  aL  (1975)  exposed  one  group 
of  pregnant  mice  to  2.ll5-C2iz  RFR  for  210  min  on  gestation  day  11,  and  one  each 
of  three  other  groups  on  days  12,  13,  and  1^1;  totaling  20.  The  estimated  mean 
SAR  was  38  W/kg  and  the  total  energy  absorbed  was  5.44  cal/g,  which  was  just 
sublethal.  Four  other  groups  were  similarly  sham  exposed.  In  addition,  eight 
groups  were  Injected  with  cortisone,  known  to  be  teratogenic.  Four  of  these 
were  similarly  exposed  to  RFR  and  the  other  four  were  sham  exposed.  All  mice 
were  euthanized  on  day  19,  the  numbers  of  implantations  and  resorptions  were 
counted,  and  the  fetuses  were  examined  for  structural  abnormalities. 

There  were  no  statistically  significant  differences  in  the  percentage  of 
fetal  mortality  or  structural  abnormalities  between  the  RFR  and  sham  groups 
not  administered  cortisone,  and  no  dependence  on  gestation  day  of  treatment. 
However,  the  percentage  of  normal  fetuses  was  61$  for  those  injected  with 
cortisone  and  sham  exposed,  and  50$  for  the  cortisone-with-RFR  groups.  These 
percentages  were  significantly  lower  than  those  for  the  noncortisone  group 
(both  81$),  but  they  did  not  differ  significantly  from  each  other. 

In  the  second  regimen  used  by  Chernovetz  et  al.  (1975),  the  treatments 
were  similar,  but  the  exposures  were  done  only  on  gestation  day  14  and  in¬ 
volved  a  total  of  60  dams  equally  divided  among  the  four  treatments.  All  dams 
carried  to  term,  and  the  numbers  of  pups  that  survived  to  weaning  at 
postpartum  age  21  days  were  noted.  The  noncortisone  RFR  group  produced  93 
pups  vs  8l  for  the  noncortisone  sham  group,  but  the  difference  was  not  sig¬ 
nificant.  However,  the  cortisone  RFR  group  yielded  25  pups  and  the  cortisone 
sham  group  only  2.  These  values  were  significantly  lower  than  those  for  the 
noncortisone  groups,  and  the  difference  between  them  was  significant.  It  is 
tempting  to  suggest  that  the  higher  survival  rate  of  the  cortisone  RFR  group 
relative  to  the  cortisone  sham  group  indicates  that  exposure  to  RFR  may  afford 
some  protection  against  teratogenic  agents  such  as  cortisone. 

In  general,  these  results  indicate  that  absorption  of  about  5  cal/g  of 
2.45-C21Z  RFR  is  not  teratogenic  to  mice,  a  finding  that  is  at  variance  with 
those  of  Rugh  et  al.  (1974,  1975)  and  Berman  et  al.  (1978).  Among  the  possi¬ 
ble  reasons  for  these  apparently  contradictory  findings  are  differences  in 
exposure  systems,  use  of  multiple  vs  individual  animal  exposures,  gross  uncer¬ 
tainties  in  actual  doses,  mouse-strain  difference,  variations  in  dam  handling, 
and  differences  in  gestation  day  of  treatment. 

Several  similar  studies  were  conducted  with  pregnant  rats.  Chernovetz  et 
al.  (1977)  sham  exposed  or  exposed  pregnant  rats  to  2.45-GHz  RFR  at  a  mean 
SAR  of  31  W/kg  for  20  min  on  only  one  day  during  gestation  days  10  through  17. 
At  this  SAR,  the  colonic  temperature  Increased  by  3.5®C.  They  also  exposed 
rats  to  infrared  radiation  (IR)  at  a  temperature  that  produced  the  same 


colonic  temperature  rise  as  the  RFR.  Of  64  rats  studied,  7  dams  died  after 
RFR  exposure,  3  died  after  IR  exposure,  and  none  of  the  sham-exposed  rats 
died. 


On  gestation  day  19,  the  54  surviving  dams  were  euthanized  and  the  num¬ 
bers  of  implantations  and  resorptions  were  counted.  Also,  each  fetus  was 
examined  for  morphological  abnormalities  and  its  viability  and  mass  were  de¬ 
termined.  The  percentages  of  living  fetuses  per  dam  were  about  98$  each  for 
the  sham  and  IR  groups  but  only  87$  for  the  RFR  group,  a  statistically  sig¬ 
nificant  decrease.  The  mean  fetal  mass  for  the  shams  was  1.63  g,  and  the 
values  for  the  IR  and  RFR  groups  were  1.53  and  1.54  g,  respectively,  both 
significantly  lower  than  the  mean  for  the  shams.  No  structural  abnormalities 
were  evident  in  any  of  the  468  formed  fetuses,  all  of  which  were  alive  when 
taken,  but  severe  edema  and  hemorrhagic  signs  were  endemic  in  the  IR  and  RFR 
groups . 

The  brains  of  60  fetuses  from  sham-,  IR-,  and  RFR-exposed  animals  were 
assayed  for  norepinephrine  (NE)  and  dopamine  (DA).  The  average  level  of  NE 
for  the  RFR  group  was  significantly  lower  than  that  for  the  shams  but  only 
marginally  lower  than  that  for  the  IR  group.  The  average  levels  of  DA  ranked 
similarly,  but  the  differences  were  not  statistically  significant.  In  their 
discussion,  the  authors  concluded  that  "considered  in  sum,  our  findings  could 
be  taken  as  evidence  that  a  brief  but  highly  thermalizing  application  of 
2,450-MHz  microwaves  or  of  infrared  energy  have  biological  effects  both  compa¬ 
rable  and  different  when  averaged  colonic  temperature  changes  are  equal." 

One  problem  with  this  investigation  was  the  small  number  of  rats  used  (a 
point  recognized  by  the  investigators),  which  necessitated  averaging  the  data 
in  each  group  over  the  10-  to  1 6-day  gestation  period.  This  questionable 
procedure,  both  biologically  and  statistically,  made  it  difficult  to  assess 
the  validity  of  either  the  positive  or  negative  results  of  this  Investigation. 

Berman  et  al.  (1981)  exposed  70  rats  to  2.45-caiz  CW  RFR  for  100  min  dally 
on  gestation  days  6  through  15  at  28  raW/cm^  for  an  estimated  SAR  of  4.2  W/kg. 
The  mean  colonic  temperature  at  the  end  of  each  exposure  was  40.3®C.  A  group 
of  67  rats  was  similarly  sham  exposed.  No  significant  differences  between 
groups  were  found  in  pregnancy  rates;  numbers  of  live,  dead,  or  total  fetuses; 
Incidences  of  external,  visceral,  or  skeletal  anomalies  or  variations;  or  body 
weight  of  live  fetuses. 

The  investigators  surmised  "that  this  lack  of  an  effect  may  hold  true  at 
any  exposure  level  less  than  that  which  will  kill  a  significant  number  of  the 
dams  by  hyperthermia."  They  also  concluded  that  the  rat  is  an  inappropriate 
model  for  determining  whether  RFR  would  be  teratogenic  to  humans  in  exposure 
situations  not  lethal  for  the  dams.  They  then  suggested  that  the  mouse  fetus 
is  a  more  appropriate  model  for  assessing  such  human  risk.  However,  this 
point  is  open  to  question,  especially  for  studies  involving  chronic  low-level 
exposures.  Most  of  the  recent  results  with  mice  Indicate  the  existence  of  a 
threshold  SAR  (or  power  density)  for  teratogenesis,  and  the  effects  above  the 
threshold  were  evidently  due  to  the  heat  produced  by  the  RFR.  Because  the 
thermoregulatory  systems  of  both  the  rat  and  mouse  are  much  less  efficient 
than  the  human  system,  neither  kind  of  rodent  appears  to  be  a  satisfactory 
model  for  studying  RFR  teratogenesis.  Any  of  the  nonhuman  primates  would  be 
more  suitable. 
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In  a  study  designed  primarily  for  seeking  possible  effects  of  chronic  RFR 
exposure  on  mother-offspring  behavioral  patterns  and  the  EEG,  Kaplan  et  al. 
(1982)  exposed  33  female  squirrel  monkeys  near  the  beginning  of  the  second 
trimester  of  pregnancy  to  2.45-GHz  RFR  at  whole-body  SARs  of  0.034,  0.34,  or 
3.4  W/kg  for  3  h  per  day,  5  days  per  week,  until  parturition.  The  3.4-W/kg 
SAR  was  equivalent  to  about  10  mW/cm^.  Eight  pregnant  monkeys  were  sham  ex¬ 
posed  for  the  same  periods.  After  parturition,  18  of  the  RFR-exposed  dams  and 
their  offspring  were  exposed  to  RFR  for  an  additional  6  months;  then  the  off¬ 
spring  were  exposed  without  the  dams  for  another  6  months. 

No  differences  were  found  between  RFR-  and  sham-exposed  dams  in  the  num¬ 
bers  of  live  births  or  in  the  growth  rates  of  the  offspring.  The  major  dif¬ 
ference  between  RFR-  and  sham-exposed  offspring  was  that  4  of  the  5  exposed  at 
3.4  W/kg  both  prenatally  and  after  birth  unexpectedly  died  before  6  months  of 
age.  These  mortality  values  were  too  small  to  place  much  confidence  in  sta¬ 
tistical  inferences.  Moreover,  these  results  were  not  confirmed  in  a  fol¬ 
low-up  study  of  mortality  per  se  reported  in  Kaplan  et  al.  (1982),  in  which 
sufficient  numbers  of  squirrel  monkeys  were  used  for  adequate  statistical 
treatment . 


In  summary,  in  the  studies  showing  demonstrable  teratogenic  effects  of 
exposure  to  RFR,  power  densities  or  SARs  were  used  that  were  capable  of  pro¬ 
ducing  significant  heat  loads  in  the  animals.  In  general,  the  results  indi¬ 
cate  that  a  threshold  of  heat  induction  or  core-temperature  increase  must  be 
exceeded  before  teratogenic  effects  are  produced  and  that  RFR  per  se  is  not 
teratogenic. 


‘  NERVOUS  SYSTEM  -  - 


Several  types  of  studies  have  been  conducted  on  effects  of  RFR  on  the 
nervous  systems  of  animals.  Such  studies  have  been  emphasized  in  the  USSR, 
where  RFR  is  believed  to  stimulate  the  nervous  system  directly  and  thereby 
cause  a  variety  of  physiological  effects.  Many  U.S.  scientists  tend  to  doubt 
that  RFR  interacts  directly  with  the  nervous  system  except,  possibly,  under 
special  circumstances;  they  consider  most  effects  of  RFR  on  the  nervous  system 
to  be  indirect  results  of  other  physiological  interactions. 

^•yRFR  Hearing  Effect ,  ^  ' 

Humans  in  the  vicinity  of  some  types  of  pulsed  radar  systems  have  per¬ 
ceived  individual  pulses  of  RFR  as  audible  clicks  (without  the  use  of  any 
electronic  receptors).  This  phenomenon  has  attracted  much  interest,  espe- 
clslly  In  the  United  States,  because  it  has  often  been  cited  as  evidence  that 
nonthermal  effects  can  occur  and  because  one  hypothesized  mechanism  for  per¬ 
ception  was  direct  stimulation  of  the  central  nervous  system  by  RFR. 

Various  theoretical  and  experimental  studies  with  both  human  volunteers 
and  laboratory  animals  have  been  conducted  to  determine  the  conditions  under 
which  pulsed  RFR  is  audible  and  to  investigate  the  interaction  mechanisms 
involved.  Many  of  the  results  support  the  hypothesis  that  ah  RFR  pulse  having 
the  requisite  pulse  power  density  and  duration  can  produce  a  transient  thermal 
gradient  large  enough  to  generate  an  elastic  shock  wave  at  some  boundary  be¬ 
tween  regions  of  dissimilar  dielectric  properties  in  the  head,  and  that  this 
shock  wave  is  transmitted  to  the  middle  ear  where  it  is  perceived  as  a  click. 
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Persons  with  impaired  hearing  are  unable  to  hear  such  clicks,  and  experimental 
animals  in  which  the  cochlea  has  been  destroyed  do  not  exhibit 
brainstem-evoked  responses. 

The  original  demonstration  that  acoustic  transients  can  be  generated  in 
liquids  such  as  water  by  transient  surface-heating  with  RFR  pulses  was  pro¬ 
vided  by  White  (1963).  Foster  and  Finch  (1974)  extended  this  work  to  show 
that  peak  audiofrequency  pressures  generated  in  water  by  specific  combinations 
of  RFR  pulse  power  density  and  pulse  width  would  be  sufficient  for  humans  to 
perceive  such  pulses  as  auditory  clicks.  Lin  (1977a,  1977b,  1978,  1980)  re¬ 
ported  detailed  theoretical  and  experimental  studies  of  the  RFR  auditory  ef¬ 
fect.  His  results  indicated  that  the  audiofrequencies  produced  are  not 
dependent  on  the  RFR  carrier  frequency  but  on  head  size. 

Cain  and  Rissman  (1976,  1978)  used  3.0-GHz  RFR  to  study  the  auditory 
effect  in  two  cats,  two  chinchillas,  one  beagle,  and  eight  human  volunteers. 
For  the  animals,  surface  or  brainstem-implanted  electrodes  were  used  to  meas¬ 
ure  the  responses  to  RFR  pulses  and  the  responses  evoked  by  audio  clicks  from 
a  speaker.  They  found  that  perception  of  10-ys  pulses  required  pulse  power 
densities  of  at  least  1.3  W/cm2  for  both  cats,  1  and  2  W/cm2  for  the  two 
chinchillas,  and  300  mW/cm^  for  the  beagle.  The  eight  humans  were  given  stan¬ 
dard  audiograms.  Because  such  audiograms  do  not  test  hearing  above  8  kHz, 
binaural  hearing  thresholds  were  also  determined  for  seven  of  the  subjects  for 
frequencies  in  the  range  from  1  to  20  kHz.  Five  of  the  subjects  could  detect 
IS-ps  pulses  as  clicks;  the  other  three  required  a  pulse  duration  of  200  ys 
for  perception.  No  correlation  between  the  results  and  the  audiograms  was 
apparent;  however,  there  was  a  strong  correlation  between  RFR  perception  and 
hearing  ability  above  8  kHz  as  determined  from  the  binaural  thresholds.  The 
average  threshold  pulse  power  density  for  15-ys  pulses  was  about  700  mW/cm2; 
however,  three  of  the  subjects  were  able  to  perceive  15-ys  pulses  at  a  pulse 
power  density  of  300  mW/cm‘,  a  value  taken  herein  as  the  nominal  threshold  for 
humans . 

Olsen  and  Hammer  (1980,  1981)  and  Olsen  and  Lin  (1981)  exposed  mus¬ 
cle-equivalent  and  brain-equivalent  models  to  5.7-  and  1.1-GHz  RFR,  respec¬ 
tively,  at  high  pulse  power  densities  and  detected  RFR-lnduced  acoustical 
responses  with  hydrophone  transducers  implanted  in  the  models.  Lin  and  Olsen 
(1981)  also  reported  that  they  could  detect  RFR-lnduced  acoustic  pressure 
waves  in  the  brains  of  anesthetized  cats  and  guinea  pigs  by  means  of  a  piezo¬ 
electric  transducer  implanted  in  the  cortex. 

In  conclusion,  the  preponderance  of  experimental  results  indicates  that 
auditory  perception  of  RFR  pulses  is  due  to  Induction  of  thermoelastic  waves 
in  the  head  rather  than  to  direct  brain  stimulation  by  the  RFR.  Also,  because 
individual  pulses  can  be  perceived,  it  is  not  meaningful  to  calculate  average 
power  densities  for  two  or  more  widely  spaced  pulses  and  cite  such  values  as 
evidence  that  the  phenomenon  is  nonthermal  in  nature.  Almost  all  of  the  re¬ 
sults  are  consistent  with  the  thermal  expansion  theory. 

^Calcium  Efflux j 

Adey  (1979,  1980,  1981a,  1981 b)  and  Blackman  et  al.  (1979,  1980a,  1980b) 
have  reported  that  exposure  of  brain-tissue  samples  from  newly  hatched  chicks 
to  50-,  147-,  or  450-MHz  RFR  that  is  amplitude-modulated  with  frequencies  in  a 
narrow  band  around  l6  Hz  altered  the  rate  of  exchange  of  calcium  ions  between 
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the  tissue  and  its  bathing  fluid.  They  also  indicated  that  the  effect  was 
absent  for  unmodulated  RFR  but  occurred  for  exposure  to  16-Hz  modulation 
alone.  For  the  modulated  RFR,  the  incident  average  power  densities  effective 
in  altering  the  rate  of  calcium  exchange  lie  between  approximately  0.1  and  3.6 
mW/cm2.  Within  this  range,  however,  not  all  power  densities  are  effective. 
There  appear  to  be  narrow,  effective  power-density  "windows.”  Calculations  of 
internal  field  intensity  by  Jolnes  and  Blackman  (1980,  1981)  indicate  that 
this  factor  is  important  in  predicting  effectiveness.  The  mechanisms  whereby 
modulation  effects  are  mediated  are  speculative. 

Of  additional  interest  is  a  report  by  Albert  et  al.  (1980)  that  16-Hz 
amplitude -modulated  147-MHz  RFR  at  2.0  mW/cm2  increases  calcium  efflux  from 
psincreatic  tissue  slices  to  approximately  the  same  extent  as  that  from  neonate 
chick-brain  tissue  incubated  and  exposed  under  similar  conditions.  An  attempt 
by  Shelton  and  Merritt  (1981)  to  obtain  alterations  in  calcium  efflux  from  rat 
brain  tissue  by  use  of  pulse-modulated  1-CMz  RFR  was  unsuccessful.  It  is 
uncertain  whether  these  negative  findings  were  a  result  of  differences  in 
brain  tissue,  exposure  parameters,  carrier  frequency,  or  type  of  modulation. 

All  of  the  above  studies  were  carried  out  on  isolated  tissues  maintained 
in  physiological  solutions.  Adey  et  al.  (1982),  however,  have  reported  that 
similar  alterations  in  calcium  ion  exchange  occur  for  exposed  brains  of  para¬ 
lyzed  live  cats  irradiated  at  3  mW/cm^  with  450-MHz  RFR  sinusoidally  ampli¬ 
tude  modulated  at  16  Hz. 

The  effect  is  scientifically  interesting  in  that  it  represents  a  rare 
instance  where  RFR  may  be  producing  a  biological  effect  by  processes  other 
than  thermal  mechanisms.  Interpreting  these  results  with  regard  to  human 
health  and  safety  is  difficult.  First,  the  phenomenon  is  subtle;  large  num¬ 
bers  of  samples  have  to  be  processed  to  show  a  statistically  significant  ef¬ 
fect.  Second,  the  observations  are  highly  variable  and  difficult  to 
reproduce.  Third,  the  circumstances  of  the  experimental  methodology  are  such 
that  the  observations  of  changes  of  calcium  exchange  appear  to  apply  to  the 
surface  region  of  the  brain  rather  than  to  the  brain  as  a  whole.  Finally,  the 
phenomenon  depends  on  the  amplitude  modulation  of  the  RFR  in  a  narrow  fre¬ 
quency  band  around  16  Hz  and  occurs  only  in  narrow  power-density  windows 
within  0.1  and  3.6  mW/cm^. 

c  o^^■r  o , 

>  Blood-Brain-Barrier  Effectsj  \ 

In  most  organs  and  tissues  of  the  body,  molecules  in  the  blood  can  freely 
diffuse  into  the  tissue  around  the  capillaries.  However,  presumably  to  pro¬ 
tect  the  brain  from  invasion  by  various  blood-borne  microorganisms  and  toxic 
substances,  large  molecules  such  as  proteins  or  polypeptides  exhibit  little  or 
no  movement  from  the  blood  into  the  surrounding  brain  tissue  in  most  regions 
of  the  brain.  The  exact  manner  by  which  the  movement  is  prevented  is  still 
conjectural,  but  the  process  is  referred  to  as  the  blood-brain  barrier,  or 
BBB.  The  BBB  can  be  "opened"  by  certain  agents,  such  as  ionizing  radiation, 
heat,  or  chemical  substances.  Studies  have  been  conducted  to  examine  whether 
RFR  also  can  alter  the  BBB  permeability  of  animals  to  various  leu^ge  molecules. 


Sutton  et  al.  (1973)i  Sutton  and  Carroll  (1979),  and  Lin  (1980,  1982) 
have  reported  gross  permeability  increases  in  the  rat  BBB  when  the  brain  tem¬ 
perature  was  raised  several  degrees  by  RFR  heating  or  the  local  SAR  was  sev¬ 
eral  hundred  watts  per  kilogram.  Albert  et  al.  (1977,  1979)  and  Albert  and 
Kerns  (1981)  found  scattered  regions  of  permeability  changes  in  the  brains  of 
Chinese  hamsters  exposed  to  2.45“C2iz  RFR  for  2  h  at  20  mW/cra^.  Twenty  percent 
of  the  sham-exposed  animals  also  showed  such  changes,  which  were  reversible. 
Presumably,  significant  heating  of  local  regions  of  the  brain  occurred. 

Frey  et  al.  (1975)  reported  alterations  in  BBB  permeability  to 
fluorescein  by  use  of  pulsed  RFR  at  average  power  densities  as  low  as  0.2 
mW/cm2.  These  findings  could  not  be  repeated  by  Merritt  et  al.  (1978)  or 
Spackman  et  al.  (1978,  1979). 

Oscar  and  Hawkins  (1977)  reported  Increased  BBB  permeability  to 
radiotracer-labeled  molecules  at  average  power  densities  less  than  3  mW/cm^^ 
with  pulsed  RFR  more  effective  than  CW  RFR.  Merritt  et  al.  (1978),  Preston  et 
al.  (1979),  and  Chang  et  al.  (1982)  were  unable  to  confirm  these  findings. 
Subsequently  Oscar  et  al.  (1981)  showed  with  different  techniques  that  their 
original  findings  could  be  explained  as  due  to  Increases  in  local  cerebral 
blood  flow  rather  than  as  increases  in  BBB  permeability. 

In  summary,  RFR  can  alter  BBB  permeability  at  exposure  levels  sufficient 
to  cause  heating  of  the  brain.  Exposure  at  levels  of  the  order  of  1  mW/cm^, 
considered  insufficient  to  cause  heating,  have  also  been  reported  to  alter  BBB 
permeability*  but  such  results  have  not  been  confirmed  despite  several  inde¬ 
pendent  attempts  to  do  so.  In  one  case  the  original  findings  may  have  arisen 
as  a  consequence  of  the  experimental  techniques  used. 


Histopathology  is  defined  as  the  study  of  diseased  or  damaged  tissues, 
and  histochemistry  as  the  study  of  the  chemical  composition  of  various  tis¬ 
sues.  Studies  of  hlstopathological  effects  of  RFR  on  the  brain  have  been 
conducted  in  both  the  United  States  and  the  USSR.  Studies  in  the  USSR  have 
covered  a  wide  range  of  frequencies,  but  the  dosimetry  and  methods  were  inade¬ 
quately  reported  for  critical  review  in  many  instances.  Tolgskaya  and  Gordon 
(1973)  exposed  animals  (predominantly  rats)  to  RFR  between  500  MHz  and  1  <JHz 
at  10  mW/cm^  for  I  h/day  for  10  months.  They  reported  detecting  various 
changes  from  the  normal  appearance  of  nerve  cells  of  the  brain  by  unspecified 
delicate  elective  neurohlstologlcal  methods,  and  that  the  power  density  did 
not  raise  body  temperature.  Current  knowledge,  however,  indicates  that  the 
method  of  exposing  the  animals  was  such  that  the  SAR  must  have  varied  consid¬ 
erably  among  the  animals.  The  reported  changes  in  appearance  were  similar  to 
those  found  by  them  at  20-240  mW/cm^  in  acute  experiments  of  a  frankly  thermal 
nature,  and  the  reported  effects  in  the  chronic  exposure  experiments  were 
probably  also  of  thermal  origin. 

In  the  United  States,  Albert  and  DeSantis  (1975)  sought  histopathological 
effects  in  brains  of  hamsters  exposed  to  2.45-  GHz  RFR  at  power  densities 
between  10  and  50  mW/cm^  for  periods  between  30  min  and  24  h  and  for  22  days. 
In  this  study  pathological  changes  were  found  only  in  the  hypothalamus  and 
subthalamus.  Comments  after  oral  presentation  of  this  study  noted  that  the 
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nature  of  RFR  absorption  inside  the  skull  of  such  a  small  animal  at  the  fre¬ 
quency  used  could  lead  to  regions  in  the  brain  where  the  SAR  would  be  tens  of 
times  higher  than  that  expected  from  the  nominal  power  density  and  that  rectal 
temperature  measurements  in  the  animals  would  not  reflect  such  a  condition. 
The  observed  pathological  effects  seem  likely  to  have  resulted  from  thermal 
processes. 

Quantitative  studies  by  Albert  et  al.  (1981  a)  showed  that  exposure  of 
rats  at  10-46  mW/cm^  prenatally  and  postnatally  decreased  the  number  of 
Purkinje  cells  of  the  cerebellum  significantly.  A  similar  study  by  Albert  et 
al.  (1981b)  using  the  squirrel  monkey,  however,  did  not  show  such  an  effect. 
Size  differences  between  the  heads  and  brains  of  the  rat  and  squirrel  monkey 
may  have  resulted  in  high  local  SAR  in  regions  of  the  rat  brain  but  not  in 
similar  regions  of  the  squirrel  monkey  brain,  again  indicating  that  the  ob¬ 
served  effects  seem  likely  to  have  resulted  from  thermal  processes. 

One  study  that  examined  effects  of  RFR  on  brain  neurochemistry,  by 
Merritt  and  Frazer  (1975),  showed  no  effects  on  specific  neurotransmitters  of 
mouse  brain  at  19  MHz  for  l0-min  exposures  at  an  E-field  of  6  kV/m  or  an 
H-fleld  of  41  A/m.  Another  study,  by  Sanders  et  al.  (1980),  showed  a  sequence 
of  5%  to  10$  changes  of  biochemical  activity  in  subcellular  components  associ¬ 
ated  with  tissue  respiration  at  exposure  levels  of  5  and  13.8  mW/cm^.  The 
significance  of  these  latter  findings  is  unclear,  but  they  are  unlikely  to 
indicate  a  hazard  because  of  the  wide  range  of  tissue  respiration  values  pos¬ 
sible  under  various  environmental  and  activity  situations. 

In  summary,  RFR  can  cause  observable  histopathological  changes  in  the 
central  nervous  system  of  animals  at  power  densities  of  about  10  mW/cm^  or 
higher,  but  these  changes  appear  to  be  thermal  in  nature.  Under  special  con¬ 
ditions  of  frequency  and  skull  size,  a  focusing  effect  can  be  obtained  in 
small  rodents,  causing  local  SARs  tens  of  times  higher  than  would  normally  be 
expected  from  whole-body  SAR  measurements.  Such  conditions  do  not  occur  for 
the  adult  human  skull.  One  study  has  reported  small  changes  in  brain- tissue 
respiratory  chain  function  at  a  power  density  of  5  mW/cm^.  Such  effects  are 
unlikely  to  be  hazardous  to  humans  at  power  densities  of  1  mW/cm^  or  less. 

^  -  ->EEG  Studies. 

> - 

Studies  have  been  conducted  to  ascertain  the  effects  of  RFR  on  the  EEC  or 
other  related  electrophysiologlcal  properties  of  the  CNS.  For  EEC  measure¬ 
ments  made  after  RFR  exposure,  the  time  consumed  in  placing  and  attaching  the 
electrodes  and  the  variability  of  placement  introduce  problems  of  interpreta¬ 
tion.  Additionally,  if  the  effects  are  transient,  they  may  stop  when  exposure 
ceases.  For  studies  attempting  to  measure  EEG  changes  during  RFR,  the 
electrodes  and  leads  used  to  pick  up  EEG  signals  also  pick  up  electrical  sig¬ 
nals  directly  from  the  fields,  causing  artifacts  that  render  the  recordings 
difficult  to  interpret.  Also,  indwelling  or  chronically  attached  electrodes 
will  perturb  the  electric  fields  in  their  vicinity  and  produce  great 
enhancement  of  energy  absorption,  as  noted  by  Johnson  and  Guy  (1972)  and  the 
National  Academy  of  Sciences  (NAS,  1979),  thereby  creating  still  another  arti¬ 
fact  in  the  biological  data.  To  meet  these  problems,  especially  designed 
indwelling  electrodes  of  high-resistivity  materials  that  do  not  cause  field 
perturbation  have  been  constructed  and  used  in  a  few  of  the  more  recent  stud¬ 
ies  by  Tyazhelov  et  al.  (1977),  Chou  and  Guy  (1979),  and  Chou  et  al.  (1982). 


Dumanskii  and  Shandala  (1974)  and  Takashima  et  al.  (1979)  used  Implanted 
metallic  electrodes  and  reported  changes  in  EEC  patterns  after  acute  or 
chronic  exposure  of  rabbits  to  RFR.  Chou  et  al.  (1982)  used  implanted 
electrodes  made  of  carbon  instead  of  metal  in  an  attempt  to  avoid  the  field 
distortion  artifact;  they  reported  no  significant  differences  in  EEC  between 
rabbits  exposed  2  h/day  for  3  months  at  1.5  mW/cm^  and  control  rabbits. 
Kaplan  et  al.  (1982)  used  electrodes  externally  placed  after  exposure  rather 
than  Indwelling  ones  and  reported  no  differences  in  EEC  patterns  between  con¬ 
trol  and  RFR-exposed  squirrel  monkeys  after  more  than  12  months  of  exposure. 
Rosenstein  (1976)  exposed  rats  to  RFR  from  before  birth  to  age  92  days  without 
indwelling  electrodes  and  saw  no  differences  between  exposed  and  control  ani¬ 
mals  when  both  groups  were  tested  at  140  days  of  age.  Lastly,  Chou  and  Guy 
(1979)  examined  EEGs  of  rabbits  with  Indwelling  high-resistance  carbon-loaded 
Teflon  electrodes  before  and  during  exposure  to  2.45-(21z  RFR  at  100  mW/cm^. 
The  SAR  at  the  electrodes  was  about  25  W/kg.  No  obvious  differences  were 
found. 

In  summary,  indwelling  metallic  electrodes  used  in  studies  of  the  effects 
of  RFR  on  the  EEG  or  on  evoked  potentials  of  the  central  nervous  system  may 
introduce  artifactual  effects  in  the  preparations  under  study  as  well  as  in 
the  recordings  themselves.  These  artifacts  may  be  minimized  by  use  of 
electrodes  appropriately  designed  from  high-resistivity  materials.  Experi¬ 
ments  in  which  such  specially  constructed  electrodes  were  used,  or  in  which 
electrodes  were  applied  after  exposure,  showed  no  evidence  of  statistically 
significant  differences  in  EEGs  or  evoked  responses  between  RFR-exposed  and 
control  animals. 

UNRESOLVED  ISSUES 

In  this  paper,  we  have  critically  reviewed  selected  reports  in  several 
RFR-bioeffects  topics  considered  Important  with  regard  to  possible  hazards  to 
hianans.  Based  on  the  studies  examined  here  and  others  (USAFSAM-TR-83“1 1  March 
1983)  we  were  not  able  to  cover,  we  believe  that  no  reliable  evidence  indi¬ 
cates  that  chronic  exposure  to  RFR  at  incident  average  power  densities  below  1 
mW/cm^  or  at  SARs  below  0.4  W/kg  are  hazardous  to  human  health.  However, 
there  are  several  important  uncertainties: 

(1)  Existing  epidemiologic  studies,  though  extensive  and  reasonably  well 
done,  are  subject  to  Inherent  defects  such  as  imprecise  classification  of  the 
individuals  with  regard  to  RFR  exposure  and  unavailability  of  complete  sets  of 
medical  reports,  death  certificates,  or  health  questionnaires. 

(2)  The  most  directly  applicable  experimental  evidence  relative  to  possi¬ 
ble  bloeffects  of  exposure  to  the  RFR  from  any  specific  RFR-emlttlng  system 
would  be  from  studies  in  which  humans  were  exposed  to  the  frequencies  and 
waveform  characteristics  of  that  kind  of  system  for  appropriate  durations  at 
the  maximum  average  power  densities  likely  to  be  encountered.  Further  quanti¬ 
tative  evaluation  of  many  biological  endpoints  would  be  necessary.  Because 
such  information  does  not  exist,  data  are  obtained  from  laboratory  animals, 
such  as  small  rodents,  used  as  surrogates  for  humans — a  standard  practice  for 
investigating  the  effects  of  other  agents.  Because  of  the  biological  differ¬ 
ences  among  species,  however,  a  basic  uncertainty  is  the  degree  of  validity 
of  this  practice— which  depends  in  part  on  the  species  used,  the  nature  of  the 
agent  and  its  quantitative  aspects,  and  the  biological  endpoints  studied.  In 
investigations  of  RFR  bloeffects,  much  progress  has  been  made  in  quantifying 
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exposures  In  terms  of  whole“body  SARs  and  Internal  SAR  distributions  in  animal 
carcasses  and  In  physical  and  mathematical  models  of  various  species  (Includ¬ 
ing  humans).  An  overview  of  such  work  is  provided  in  another  paper  presented 
at  this  NATO  Workshop  (see  Durney,  pp.  5-r36) , 

(3)  Most  experimental  data  indicating  the  existence  of  threshold  power 
densities  for  various  RFR  bioeffects  were  obtained  from  exposures  for  rela¬ 
tively  short  durations.  Although  it  is  difficult  to  conceive  of  mechanisms 
whereby  long-term  RFR  exposures  at  well  below  threshold  values  could  result  in 
cumulative  effects  deleterious  to  health,  very  few  investigations  have  in¬ 
volved  exposure  of  animals  to  low-level  RFR  over  a  large  fraction  of  their 
lifetimes.  The  results  of  one  such  study  are  covered  in  another  paper  at  this 
NATO  Workshop  (see  Krupp,  pp,  121-133). 

(4)  Questions  of  quantitative  and/or  qualitative  differences  in 
bioeffects  induced  by  pulsed  versus  CW  RFR  at  equivalent  average  power  densi¬ 
ties  cannot  be  resolved  fully  from  current  knowledge  (l.e.,  some  investigators 
have  found  no  significant  differences,  whereas  others  have).  Also,  it  should 
be  noted  that  although  the  permissible  average  power  densities  in  most  current 
and  proposed  U.S.  safety  guidelines  are  applicable  to  both  pulsed  and  CW  RFR, 
these  guidelines  do  not  include  maximum  allowable  pulse  power  densities  per 
se. 

In  the  light  of  these  uncertainties,  the  possibility  that  new  information 
would  reveal  a  significant  hazard  to  humans  from  chronic  exposure  to  low  lev¬ 
els  of  RFR  cannot  be  dismissed,  but  seems  unlikely. 
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